Th e e nth a lpi es of co mbu stion of ace ta nilid e a nd urea have bee n dete rmin ed in a n oxyge n·bo mb ca lo rim ete r. Th e foll ow in g val ues a nd th eir es timated un ce rt aint ies we re obtain ed.
Introduction
Th ere is nee d for a s tandard refe re nce material for use in th e co mbustion calorime try of nitroge n·co ntainin g co mpound s. Th ese co mpound s may be divided into two main classes: (1) those co ntainin g relativel y s mall amounts of nitroge n whic h may be burn ed without an auxiliary mate rial and (2) th ose co ntaining larger amounts which require an auxiliary material for ignitio n and co mplet e co mbustion. Acetanilide, which contains 10.4 wt perce nt nitrogen , has been proposed as a secondary standard for co mpounds which do not require any auxiliary material. It is available in high purity, is nonhygroscopic, has a very low vapor pressure, can be pressed into reasonably good pellets , can be ignited with any type of fuse and burns co mpletely without an auxiliary substance. It is available through th e Offi ce of Standard R eferen ce Materials (OSRM) as a mi croanalyti cal standard for nitrogen compounds.
Urea, whi ch co ntain s 46.6 wt percent nitrogen , has bee n proposed as a seco ndary standard for mate rial s co ntainin g larger amounts of nitrogen. Like acetanilid e, it appears t o have the physical characteristics of a good seco ndary refere nce standard. It is available as an analyti cal standard for clini cal laboratories through the Office of Standard Referen ce Materials.
Materials
Acetanilide Th e sa mple was .obtain ed fro m the OSRM as SRM 141B. Th e certifi cate gave th e purity as 99.99 mol perce nt. It was stored in air at roo m te mperature a nd was burned as received with no atte mpts at furth e r purification.
Urea
The sample was obtained from the OSRM as SRM 912. The certificate of analyses gave th e purit y as 99.7 weight percent with impuriti es bein g moisture, 0.18 perce nt; biuret, 0.07 perce nt; ash, 0.002 perce nt , and in soluble matte r, 0.002 perce nt. W e beli eved that th e moisture co nte nt was signifi cantly less th a n th e ce rtificate value bec au se re peated dryin g at 100°C gave a co nstant loss of weight, approximately 0.012 perce nt/h , whi c h must be attributed to volatilization of the sample. A rede te rmination of th e moisture co nte nt of th e sample by S . Margoli s of thi s Bureau fo und 0.02 wt percent. It appears that so me loss of moisture occ urred after the initial de terminati on.
Apparatus and Procedure
The adiabatic rotating-bomb calorimeter, the adi· abatic shield·controls and the method of temperature measurement will be described in a forth-coming pub· lication [1] . A partial description is given in a report by Armstrong and Johnson [2] .
The calorimeter was calibrated by a series of combustion experiments using benzoic acid, SRM 39i. In each experiment a sample of approximately 0.3 g was pressed into a pellet, weighed into a platinum cru· cible and placed in the bomb which contained 0.3 cm 3 of water. The bomb was sealed, filled with 30 atm (3.040 MPa) of oxygen and the oxygen was released slowly; the bomb was refilled to 31.62 atm (3.204 MPa) , and transferred to the calorimeter. The temperature of filling was observed, the calorimeter jacket was evacu· ated, the bomb was heated electrically to 24.98 °C and the sytem was left overnight with the pumps and the adiabatic temperature controls in operation.
On the following day, calorimeter temperatures were observed at intervals during an initial rating period and the sample was ignited by means of an eler:trical cur· rent through a platinum wire fuse which was in contact with the sample. Approximately 3 min after ignition the bomb was rotated to obtain a homogeneous bomb solu· tion. After about 20 min thermal equilibrium was estab· lished and calorimeter temperatures were observed at intervals during the final rating period. Because of the heating effect of the 5 mA current through the platinum resistance thermometer, a steady rise in the tempera· ture of the calorimeter (approximately 0.001 K/h) was observed during the rating periods. The temperature rise due to the overall bomb process was obtained by extrapolation of the time·temperature curves to the actual time of ignition.
The bomb was removed from the calorimeter, the gaseous contents were released , the bomb was opened and the bomb solution transferred to a beaker. The solution was boiled to remove traces of carbon dioxid e, cooled and titrated with standard alkali using a pH-meter to determine the quantity of nitric acid. In some cases the solution was analyzed for nitrous acid but the quantities observed were completely negligible.
The procedure with acetanilide was the same as that for benzoic acid except that the quantity of water ini· tially placed in the bomb was 3.000 cm 3 • The procedure for the urea experiments was the same as for acetani· lide except that a small pellet of benzoic acid, was added. The pellets of urea were made in a special press which produced a cavity 3.5 mm in diameter and 1.5 mm in depth in the top of the pellet. Another press was used to make a pellet of benzoic acid which was 3 mm in diameter and about 1 mm thick. The urea pel· let was weighed into the crucible , the benzoic acid pellet was dropped into the cavity and total weight was observed. Th e platinum fuse wire was adjusted so that it was in contact with the benzoic acid pellet.
Results and Calculations
The unit of energy is the joule; for conversion to the conventional thermochemical calorie, 1 calth = 4.184 ].
The certified value for benzoic acid, SRM 39i, under certificate conditions is 26434 ± 3 J/ g. This reduces to LlU'l:(28°C) = -26410.36 ± 3 J/g. The heat of decomposition of the nitric acid in the bomb solution into nitrogen, oxygen, and water has been taken as 59.7 kl/moI. The auxiliary data was taken from Wagman et aI., NBS Tech. Note 270-3 [3] . All values are based on the 1971 Table of International Atomic Weights [4] . All calculations were performed by computer. 1 The results of the benzoic acid calibration experiments are given in table 1. The headings, in the order in which they appear in the tables, are described as follows:
EEE-Std, the effective energy equivalent of the standard, empty calorimeter at the standard mean temperature of the experiment. Cv-cont(i), the heat capacity of the initial bomb contents, including the sample, crucible, water and oxygen; Corr to tm , a correction to the heat capacity of the initial system for deviation of the actual mean temperature of the experiment from the standard mean temperature; Corr·parts, a correction for alterations to the system during the series of experiments; EEE·actuc.l, the effective energy equivalent of the actual system at the actual mean temperature of the experiment; Temp. rise, the observed increase in temperature of the system following ignition of the sample; Q·total, the total quantity of energy evolved o?tained as minus the produc t of the temperature rIse and EEE-actual; q-ign , the electrical energy added to the system to ignite the sample; q·decomp HN03 , the calculated quantity of energy required to decompose any nitric acid, formed in the combustion process , into nitrogen, oxygen, and water; . q·WC, the Washburn Correction [5, 6] appli~d to convert all reactants and products to theIr reo spective standard states at the actual final temperature; q·corr to std tf, a correction applied for deviation of the actual final temperature from the selected standard final temperature;
Q·std react, the energy evolved by the reaction with products and reactants in their respective standard states at the selected final temperature obtained as the sum of Q-total and kq. The results have been taken directly from the computer print-out and have been rounded for convenience; for this reason small differences may result by calculation from the tabulated data.
The results of the values for the effective energy equivalent from the benzoic acid calibration experiments were determined by an iterative procedure from the mass of sample. The standard calorimeter included the empty bomb and all internal platinum parts except the crucible.
The results of the seven experiments on acetanilide are given in table 2 and correspond to the reaction: The results of the seven experiments on urea are given in table 3 and correspond to the reaction: 10536.56 Jig , sdm = ± 0.30 JIg.
The results of this investigation and the values derived from the results are s ummarized in table 4 . The uncertainties assigned to ,j,.ueo and ilHe O were obtained by combining (square root of th e sum of squares) 2 sdm (in %) for the calibration ex pe riments, 2 sdm (in %) for the combustion experim e nts, 0.01 percent for the possible effect of organic impurities in the sample, 0.01 percent for the u nce rtainty in the certified value for benzoi c acid, and reasonable estimates of all other sources of e rror. The uncertainty assigned to ilHfo was obtained by combining the uncertainty of ilHc o with es timated uncertainties of 0.01 percent in the values taken for the heats of formation of carbon dioxid e and wate r [3] .
A comparison of the results obtained in this investigation with previously reported values for acetanilide and urea is given in table 5. Wadso [6] calculated the enthalpy of combustion of acetanilide as -1009.5 kcal/mol (-4223 .75 kJ/mo!) from measurements of the heat of hydrolysis of acetic anhydride and the heat of reaction of acetic anhydride with aniline. Mlll1sson and Sunner [8] measured the enthalpy of co mbustion of urea using paraffin oil as an auxiliary and obtained 150.89 ±0.02 kcal/mol. Their data agrees well with that obtained by Huffman [9] who used a similar auxiliary material and obtained -150.99 ± 0_04 kcal/mol.
In view of the good agreement betwee n the results it would appear that both of these materials would be quite satisfactory as secondary thermoc he mical standards for the calorimetry of nitroge n-co ntaining co mpounds. ...... ... .... . J . g -I ... -26410.36 -26410.36 -26410.36 -26410.36 -26410.36 -26410.36 Mean This work was supporte d, in part, by the Office of Standard Refere nce Materials of th e National Bureau of Standards.
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